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EFFECT OF AUTO-FOCUSING OF THE ELECTRON BEAM IN THE
RELATIVISTIC VACUUM DIODE

S. Adamenko, E. Bulyak, V. Stratienko, N. Tolmachev, Ukraine

AbStI’aCt +b underfocusing

A hypothesis of the beam auto—focusing in the relativisti svarfosdy focusing anode
vacuum diode with a needle anode is proposed. A phyp e g m

ical model of the effect is elaborated. As is shown, aut
—focusing of high current beam can be caused by ions em
ting from the anode. Initial (pre focusing) stage of focusing

is provided with ionization of the gas molecules absorbe

in the anode surface. Then (at quasi—steady stage), the _p
cusing is driven by the metal ions being evaporated from
the anode heated by the beam. Simulation of the process  Figure 1: Anode half of the relativistic diode
shown the duration of initial pre focusing stage would be

within 0.1-0.2 nsec.

Let us consider the anode surface being covered with a
thin layer of neutral atoms (molecules). Also, suppose the
1 INTRODUCTION density of the layer dependent on the density of the beam

Experiments on electrical discharge in the relativistic vadlitting upon this layer. The equation of the neutrals balance

uum diode with a needle anode yielded strong focusinf)an be read as

of the electron beam in the anode. Such a device has dve .

some micrometers radius of the anode and a few millime- ar —Avo + K (1), @)
ters the cathode—anode gap. After applying 1 MV pulse

of nanosecond duration, a tiny hole along the anode axj¢erev, is the surface density of the ‘vapor; = ny(t) 3¢
was appeared [1]. It is obvious that beam focusing inté$ the density of electron flux onto the anod#; is the

a small fraction of the anode surface for a relatively londelocity of electronsa is the coefficient of ‘condensation’;
time could be possible if a feedback presents. The papers ‘the conversion factor’ (number of neutrals produced

aimed at physical ground of the phenomenon called tH¥ an electron hitting the anode).
beam Se|f_focusing. A solution to (1) with the initial Conditiom’o = l/(O) at

t = 0 has the form:

2 MODEL w(t) = exp(~x) [ + fes
It is physically reasonable that focusing of the moderately A
relativistic beam into a small crossover requires a short— X / ny(T/A) exp(r)dr| (2)
focus lens to be placed at the anode. This lens might be pro- 0
vided with axially symmetrical cloud of positively charged lim vo(t) = nbﬁ0§ . (3)
H t—o0
ions.

Presence the ions themselves is not sufficient for the en-The ions produced from ionization of the neutrals in the
tire current pulse to be focused. The matter is that the timayer are accelerated in the near—to—anode space up to ve-
interval for which an electron crossed the cathode—anodiscity V;. Density of the ions beyond the accelerating space
gap sufficiently (by 3—4 orders of magnitude) shorter thals satisfied to the discontinuity equation:
the pulse duration.

Therefore, during a pulse the beam parameters such as
current, energy of electrons, density of ions undergo vari-
ations. Due to these variations the focus spot is deviated. gy the case of spherical geometry we have:
Thus, explanation of the self—focusing is required presence

8ni

o+ div (Vn) - 0. (4)

of the feed—back — the ion density must be bounded to the Ta\2
o ota Y nirt) = (%) nitra. ), (5)
pot size. r
) r—"Tq
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where If n;(r,) > n}, then we have
ny(t)Beo; K — _
ni(ra,t) = BT nbﬂcx ) (6) p(z) = po ZSZ ? cos (s In 22 Z) ;o (11)
S S
o, is the ionization cross section. @ _ Amroraymi(ra) _ il
The ion cloud around the anode produces the electro- 7? -1

static potential
As it yields from (11), at the specific density of ion

(r—ryg) for the given system geometry, the whole beam is focused

Te
&(rt) = Dot (re — 1) into the anoderf = 1):
[(I)C - (I)a + ;I;(TC; t)]’_ \IJ(Ta t) ; (7) nf B 7723('72 + 1) (12)
(r,t) = Ta d_r) LT 16riyr
€0 Jra r'”

r’ P, Y The beam current providing the spot not exceeding the
X / n; (Ta,t - ‘ ) dr™. anode transverse dimension, spans the interval:

ra ?

. . 2
Heree is the electron char.ge1>a7c is the voltage of the I = [ Fs (E T Ta <1 4+ Ja ))] _ (13)
anode and cathode, respectively. urg \2 b 2z

For the time—independent ion cloud density in the near— ) ) ) ) _
to—anode layen;(rq, t) = const = n;(rq), the magnitude of currentis proportional(ta /r,)?, while
the relative width

In— _ T_r‘l] (8) Al 4,
Ta " I wb

Let Consider the Cy|indl’ica| para”el eleCtron W|th the ra- In Other WordS, for b|gger demu'tip”cation (ratio of the
diusb and densityn, (p) enters the system at the velocityinitial beam radius to that at the anode) the focusing takes
fe. Being focused by the positive ions that left the spheripjace within the narrower interval of the beam current.
cal cathode with the velocity;, then fraction of the beam
hits the anode and produces new ions from the near—to—
anode neutrals (density of neutralsg3. Also consider the 3 SIMULATION OF THE TRANSITING
steady-state and neglect the self-beam space charge that STAGE
can change the only quantitative (not qualitative) featur

of the process [2], we come to the potential of the form: the consideration presented above indicates that under the

certain conditions (presence of neutral atoms in the anode
surface) the steady beam focusing into the anode can be

®(r) = const + W(r) = achieved. Another necessary condition is ‘attraction’ of the
; en;(rq)r? ) roor—rg\ _ beam to the focused state: the system shall transit itself into
const + — T the stable focused state.

eni(ra)r? . T _ The c_:omputer code has begn_ \_/vritten to simulate evolu-
const + B In o (9) tion in time of the envelope of initially parallel beam. The
0 “ code inherits the potential (7) and the source of neutrals (2).
wherer, is the classical electron radius. The species of neutral atoms can cover either all the anode
In the cylindrical geometryr = p? + (= — 2,)?), an  Semisphere or a near—to—axis circle. Variations in time in

equation describing the beam envelope reads as: the ion density are self-consistent, according to (6).
Results of simulation of the transition regime show out

v+ k CE— (10) that capturing the beam into the focused state requires
2 ’ the neutral atoms of constant (in time) density or the

P o= dmng(ra)ry ‘evaporation—condensation’ eqiullibrium to be presented in
= 70 ~32 ' the anode surface. Latter produces capturing in less time,

besides the focal area being smaller. In any case for the
transition into focused state, it is necessary the neutrals to
A solution to this equation depends on the density of iong0ver the anode surface. ‘Condensing’ means that these
nl neutrals decrease in number due to ionization.
The sample of the beam radius evolution is presented in
Y +1 Fig 2. Also it was found duration of the transition depends
on the density of absorbed neutrals.

Y=p/re; T=2z/rg.
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Figure 2: The beam radius evolution

4 SUMMARY

The study proves the hypothesis of the beam self—focusing
with ions produced from the anode ‘'vapor. At first
warming—up stage, the neutrals absorbed in the anode are
involved. After, the self—stabilizing mechanism of focusing
due to evaporation of the neutrals from the anode is driven.

The width of the interval of current where the entire
beam comes into the anode head surface, is proportional
to ratio of the anode radius to the initial radius of the beam.
The beam space charge will shift the focused beam current
to larger values. Also it was shown that the only overfo-
cused state can be equillibrium. The time required to reach
the steady state can be less than a nanosecond. The re-
sults of the numerical simulation are in qualitative agree-
ment with the experimental data: the self-focusing of the
beam with energy of particles 0.5-1MeV and current of a
few kA can be produced at the distance of a few millimeters
for less than a nanosecond.
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